A new optosensor for visual quantitation of nitrite (NO 2 À ) ion has been fabricated by physically immobilizing Safranine O (SO) reagent onto a self-adhesive poly(n-butyl acrylate) [poly(nBA)] microspheres matrix, which was synthesized via facile microemulsion UV lithography technique. Evaluation and optimization of the optical NO 2 À ion sensor was performed with a fiber optic reflectance spectrophotometer.
Introduction
Nitrite (NO 2 À ) ion is a naturally occurring ion where it is part of the nitrogen cycle in the ecosystems. The presence of NO 2 À ion in the environment can cause toxicity to the animals and adversely affect human health. NO 2 À ion is widely used in food industry especially in the production of cured meat products such as bacon, sausage and ham. Besides, it is also extensively applied as a preservative in fishery products in most countries (Cockburn et al., 2010; Jensen, 2002) . In recent years, excessive amounts of toxic NO 2 À ion were detected in local edible bird's nest (EBN) . High levels of NO 2 À ion were found in various types of EBNs available on the market. China recognized the presence of elevated levels of natural NO 2 À ion in EBN and lifted the import ban on the EBN products from Malaysia (Boudreau, 2012; Huang, 2011; Zuhrin, 2014) . A rare type of EBN known as blood-red cubilose was found to be toxic, with an average NO 2 À ion content of 4400 ppm, which far exceeding the national legal limit at 30 ppm. Blood bird's nests are virtually made by accumulating the faeces of swiftlets in the caves to cause the bird's nest to change in colour (Marcone, 2005; Wu et al., 2010) . However, some swiftlet breeders deliberately added extra nitrite additives to create the blood bird's nests, which can later pose a health hazard to human beings. In Malaysia, according to Rule 147 of Food Regulations 1985, the permissible level of NO 2 À ion in food such as meat products must be below 200 ppm. Meanwhile, the permissible level of NO 2 À ion in both drinking and natural waters is <10 ppm as per Malaysian Ministry of Health limit, and <0.1 ppm NO 2 À ion is advocated by World Health Organization for drinking water (WHO, 2011) . Excessive NO 2 À ion ingested by human especially pregnant mothers can cause stomach and intestine disorders and increase the risk of cancer but the major cause is methemoglobinemia. Methemoglobinemia also known as blue-baby syndrome often seen in infants due to excessive intake of NO 2 À ion from daily food and water consumptions. Daily accumulation of NO 2 À ion in the gastrointestinal tract may absorb into the bloodstream and oxidize the hemoglobin into methemoglobin, which causes limited oxygen transport throughout the body and ultimately leads to death (Yue & Song, 2006) . Therefore, it is of paramount importance and urgent to develop an alternative means for on-site rapid screening of NO 2 À ion level in local EBN products to resume the export of Malaysian EBNs to the international markets. 
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Food Chemistry j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / f o o d c h e m NO 2 À ion is normally determined indirectly by reacting the acidified NO 2 À ion with primary aromatic amine to produce a diazonium compound, followed by coupling with an aromatic compound to yield a chromophoric azo substance, which can be quantified by using an UV-Vis spectrophotometer (Afkhami, Masahi, & Bahram, 2004; Cherian & Narayana, 2006; Veena & Narayana, 2009 ). In view of the two-step i.e. diazotization and coupling reactions are involved in the NO 2 À ion spectrophotometric assay, it would trigger undesirable side reactions, and thus greater chance for the loss of the analytes or intermediates, which could lead to the inaccurate NO 2 À ion quantification (Veena & Narayana, 2009 ). There are also several other optical methods established previously for the quantitative determination of NO 2 À ion concentration. These techniques include Griess colorimetric assay, fluorometry flow or sequential injection analysis with visible absorbance detection (Ahmed, Stalikas, Karayanni, & Karayannis, 1996) and chemiluminescent assay (Yue & Song, 2006) . Besides, electrochemical detection (Dhaoui, Bouzitoun, Zarrouk, Ouada, & Pron, 2008) and separation-based methods such as ion chromatography (IC), gas chromatography-mass spectrometer (GC-MS) (Schwarz et al., 2011) , capillary electrophoresis (CE) (Wang, Adams, & Schepdael, 2012) and high performance liquid chromatography (HPLC) (Li, Meininger, & Wu, 2000) are also commonly used for the assay of NO 2 À ion concentration. However, these methods are associated with huge instrumentation, high operating cost, high maintenance, laboursome and not portable. Thus, making real-time and in-situ analysis of NO 2 À ion becomes impossible.
To overcome these problems, optical sensor would offer a better solution due to its marvellous advantages over both classical and modern methods. Optical sensor has been introduced and played an important role in industrial, environmental and clinical monitoring for more than two decades attributed to its simplicity, fast response time, cost effectiveness, possibility for miniaturization and great flexibility (Filik, Aksu, Apak, S ßener, & Kılıç, 2009 ). In optodes, indicators are either chemically or physically immobilized in or on a solid support, and extent as a thin layer or coating (Lobnik & Wolfbeis, 1998) to promote the diffusion process. In this study, an optical chemical microsensor based on reflectance spectrophotometric approach for direct quantification of NO 2 À ion was formulated by physical grafting of the chromophoric SO reagent onto the newly synthesized poly(nBA) microspheres. The purplish immobilized SO on the micro-sized solid support substrate reacted with NO 2 À ion in the acidic medium and formed a blue diazonium salt compound. The reduction of SO by NO 2 À ion involved a distinct colour change, which may also be perceived by human naked eyes (Mousavi, Jabbari, & Nouroozi, 1998) , and that render it capable to visually detect NO 2 À ion in the field, where analytical instruments are not available. Eq. (1) shows the chemical reaction between SO and NO 2 À ion forming the blue dye of tetra-azotized compound.
As the large surface area of polyacrylate microspheres was utilized as the immobilization matrix for SO reagent, it promoted significant chemical reaction to occur at the surfaces. In addition, the small size of the immobilization matrix also favoured the surface diffusion condition so as to prevent any barriers to diffusion processes, and that the analytical performance of the developed optical NO 2 À ion chemical sensor can be substantially enhanced.
Experimental and methodology

Preparation of chemical solutions
All the chemicals used in this work were of analytical grade and deionized water was used for solution preparations. 2 mM SO reagent was prepared by dissolving 0.0702 g SO chemical (C 20 H 19 ClN 4 , 85%, Aldrich) with 93% ethanol (C 2 H 5 OH, 95%, HmbG) in a 100 mL volumetric flask, and 37% hydrochloric acid (HCl, 37%, Friendemann Schmidt) solution was added to adjust the SO reagent pH to pH 1. NO 2 À ion stock solution at 1000 ppm was prepared by weighing sodium nitrite (NaNO 2 , 98%, Friendemann Schmidt) salt at 0.1499 g and dissolved with deionized water in a 100 mL volumetric flask. A sodium hydroxide (NaOH, 99%, Friendemann Schmidt) pellet at $0.09 g and 1 mL of chloroform (CHCl 3 , 99.5%, Friendemann Schmidt) were then added into the 1000 ppm NO 2 À ion stock solution to avoid the release of nitrous gas and inhibiting the bacterial growth. NO 2 À ion working solutions at varying concentrations were prepared daily by diluting 1000 ppm NO 2 À ion stock solution with deionized water.
Instrumentations
Reflectance intensities of immobilized SO and SO-NO 2 À complex were measured by a fiber optical reflectance spectrophotometer (Ocean optics, USB4000-UV-Vis) by pointing the fiber optic distal end to the microsensor surface until a maximum reflectance signal obtained. An UV box installed with four light tubes transmitting UV light at the wavelength of 350 nm was used for photopolymerization of poly(nBA) microspheres. The precursor of acrylic matrix was sonicated by using Branson ultrasonic cleaner. Centrifuge was used for isolation of acrylic microspheres and a Mettler Toledo pH meter was used to adjust the pH of 0.2 M HCl-KCl buffer solution. Surface morphology and size distribution of the dried acrylic microspheres were examined with JEOL field emission scanning electron microscope (FESEM) working at 8 kV acceleration voltage and 5 kÂ magnification. The functional groups of the as-synthesized poly(nBA) microspheres and film were characterized by using Perkin Elmer Fourier transform infrared spectroscopy (FTIR).
Synthesis of poly(nBA) microspheres
The poly(nBA) microspheres was prepared from a mixture of precursors such as 480 lL nBA monomer (C 7 H 12 O 2 , 99%, Aldrich), 10 mg 2,2-dimethoxy-2-phenylacetophenone photoinitiator (DMPP, 99%, Aldrich), 220 lL 1,6-hexanediol diacrylate crosslinker (HDDA, 80%, Aldrich), 20 mg sodium lauryl sulphate surfactant (SLS, 95%, Scharlau Chemie) and 5 mL deionized water in a 20 mL scintillation vial. The emulsion mixture was then sonicated for 10 min in an ultrasonicator bath to obtain a uniform milky white suspension, and poured into a 10 cm diameter petri dish followed by UV photocuring under constant nitrogen gas flow at 1 bar for 600 s. After that, the as-synthesized acrylic microspheres was transferred into a 15 mL centrifuge tube and isolated via centrifugation at 6000 rpm for 10 min in 0.2 M HCl-KCl buffer solution at optimum pH. The acrylic microspheres were washed with buffer solution at pH 1 for about three times via centrifugation procedure to ensure total removal of the unreacted chemicals prior to SO reagent immobilization step.
Immobilization of SO reagent onto poly(nBA) microspheres
Some 60 mg of the poly(nBA) microspheres was deposited into a 8 mm diameter circular aperture (1.5 mL microcentrifuge tube's lid) and compressed manually to obtain a flat surface. About 150 lL of 2 mM SO reagent at pH 1 was then dispensed onto the acrylic microspheres, and dried overnight for 12 h at ambient temperature in a parafilm-sealed petri dish with pin holes pre-poked on it.
Optimization of polyacrylate microspheres-based NO 2 À ion optosensor
The immobilized SO was first optimized in terms of pH effect by using a series of 0.2 M HCl-KCl buffer solution from pH 1 to pH 6. For dynamic linear range determination of the optosensor, the SOimmobilized acrylic microspheres was exposed to different NO 2 À ion concentrations between 5 ppm and 2000 ppm at optimum pH 1. The response time of the acrylic microsensor was then determined by using 30 ppm, 50 ppm and 100 ppm NO 2 À ion, and the optosensor reflectance intensity was taken every 15 s interval for 6 min. Effect of SO loading on the acrylic microspheres towards NO 2 À ion optosensor performance was conducted by varying the SO reagent concentration between 0.5 mM and 3 mM, whilst the NO 2 À ion concentration was kept constant at 80 ppm throughout the course of the experiment. The highest relative reflectance signal obtained in each experimental parameter indicates the optimum reaction has reached. The reproducibility of the optosensor was assessed by using five different microsensors fabricated with the same preparation manner, and reacted with 50 ppm NO 2 À ion at pH 1, whilst the repeatability of the sensor was examined using buffer pH 1 as the regeneration solution, whereby the sensor was thoroughly rinsed with the regeneration buffer every time after it has reacted with 50 ppm NO 2 À ion. The reproducibility and repeatability relative standard deviations (RSDs) of the sensor were then calculated based on the maximum relative reflectance signal obtained at 675 nm for the immobilized SO-NO 2 À complex. Both reproducibility and repeatability tests were conducted with five replications.
Leaching test was carried out by immobilizing 2 mM SO reagent on the poly(nBA) microspheres at pH 1. The sensor was then soaked in 0.2 M HCl-KCl buffer solution (pH 1) for 60 min. The absorption intensity of the buffer solution at 520 nm was measured at a time interval of 5 min by using an UV-Vis spectrophotometer. The photostability of the immobilized SO reagent was investigated by leaving the sensor exposed to a light source for more than 6 h, and the immobilized SO maximum reflectance intensity was recorded every 1 h at 718 nm. Shelf life of the NO 2 À ion micro optode was determined by measuring the sensor response towards 50 ppm NO 2 À ion at 675 nm once in a month for a period of 6 months. Interference study was conducted by using a range of foreign ions such as sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe) and nitrate (NO 3 ) ions for reaction with 50 ppm NO 2 À ion at different NO 2 À ion to interferent molar concentration ratios i.e. 1:0, 1:1, 1:10, 1:100 and 1:1000. Significant deviation in the relative reflectance as compared to when no interfering ion was presence was estimated with the statistical t test method. The acrylic microspheres-based optical nitrite sensor performance was finally validated with ion chromatography (IC) standard method using EBN samples collected from local birdhouse. In brief, about 1 g EBN sample was soaked in 40 mL deionized water in an incubator shaker for 1 h at ambient conditions. Then, the EBN sample was heated up at 40 ± 5°C for 10 min in a water bath shaker followed by centrifugation at 10,000 rpm in a 50 mL centrifuge tube for 10 min, and cooled to room temperature. The clear supernatant was then filtered through a 0.45 lm membrane filter. After that, the supernatant was spiked with 40 ppm NO 2 À ion standard solution and examined with both IC and optical sensor methods.
Results and disscussion
Characterization of poly(nBA) microspheres
The acrylic microspheres consisting of long repeating units of nbutyl acylate (C 7 H 12 O 2 ) monomer. The FTIR spectrum of poly(nBA) microspheres is shown in Fig. 1 . For comparison purposes, the acrylic membrane FTIR spectrum is also superimposed in Fig. 1 . Both acrylic FTIR spectra gave similar absorption bands for sp 3 CAH stretch ($2690 cm À1 ), ACH 2 bend ($1458 cm À1 ), ACH 3 bend ($1384 cm À1 ), C@O stretch ($1734 cm À1 ), CAO stretch ($1164 cm À1 ) and alkene C@C stretch ($1639 cm À1 ) that is usually comes together with CAH out of plane bending at the wavenumber range of 1000-650 cm À1 . This is because both polymeric compounds contained the same functional groups (Alizar, Lee, & Ahmad, 2011; Lee, Sagir, & Musa, 2004) . The alkene sp 2 CAH stretch was observed at the absorption band of $3073 cm À1 in the acrylic membrane FTIR spectrum. However, this IR absorption band was overlapped by the broad OAH absorption band near 3400-3300 cm À1 in the acrylic FTIR spectrum due to the addition of an aliquot of the deionized water into the acrylic microspheres formulation during emulsion photopolymerization process, and the water content did not completely evaporate off during drying process.
FESEM image (Fig. 2) shows well-shaped spherical morphology of poly(nBA) microspheres with smooth surface and uniform distribution ranging from 0.6 lm to 1.8 lm. The microspherical shape provides large surface area to volume ratio which renders higher SO chemical reagent loading capacity (Peper, Tsagkatakis, & Bakker, 2001) . The uniformity of the microspheres size distribution also gives impact to the working sensor performance because nonuniform size distribution can reduce the sensing capability of the sensor (Alizar et al., 2011; Peper et al., 2001) . Because of the very narrow particle size distribution of the acrylic microspheres, this can be deduced that the single step microemulsion photolithography technique is capable to provide extremely uniform microspheres distribution compared to the dispersion (0.1-10 lm) and suspension (10-1000 lm) polymerization techniques (Peper et al., 2001) . Furthermore, the uniform micro-sized spheres can promote the homogeneity of the chemical reagent molecules immobilized on the microspheres' surfaces to enhance the analyt-ical signal reproducibility of the chemosensor performance. The size distribution and adhesive property of the poly(nBA) microspheres is largely depends on the amount of nBA monomer and SLS surfactant used (Alizar et al., 2011) . The formation of the microspheres aggregates were more extensive when higher nBA monomer amount was used. Hence, a long alkyl chain surfactant (SLS) was added to prevent hydrophobic surface bonding of the microspheres, thereby, a well-dispersed suspension of the acrylic microspheres can be produced (Alizar et al., 2011; Landfester, Schork, & Kusuma, 2003) .
Optical characteristic of immobilized SO and SO-NO 2
À complex on the acrylic microspheres Fiber optic sensor, which is sometimes called as optrode or optode. It allows flexible sample measurement at different in-situ scenarios because of the flexible fiber optic cable is used. The reagent phase can be either immobilized at the end of a fiber optic or it is placed some distance away from the distal end of the probe. Interaction of the analyte with the reagent phase will create a change in the optical response e.g. change in the absorbance, reflectance, fluorescence or luminescence signal. As the acrylic microspheres is non-transparent to light, where it is weak in transmitting light, therefore the reflected light intensity from the sens-ing material surface was measured with the reflectance spectrophotometry transducer. The reflectance response is basically quantified based on the colour intensity of the material, whereby a lighter colour material would reflect higher light intensity as light colour reflects better than dark. The fiber optic cable consists of a bifurcated optical fiber to function as the light guide, with a feed fiber transmitting the light from the light source to the immobilized reagent, and the reflected light from sample surface will travel back through the return fiber to a photodetector for reflectance intensity measurement. The reflectance spectra of the immobilized SO and SO-NO 2 À complex on the poly(nBA) microspheres at pH 1 are shown in Fig. 3 . The purplish immobilized SO reagent was noticed to turn to blue colour after the addition of NO 2 À ion solution in acidic condition. As purple colour is brighter than blue colour, the immobilized SO reagent was therefore absorbed lower light intensity from the feed fiber, and that it reflected higher light intensity (718 nm) as compared to its complex with NO 2 À ion (745 nm). The bluecoloured immobilized SO-NO 2 À complex, on the contrary, appeared to having a darker background, and that it absorbed higher light amount from the feed fiber, and leaving behind lower light intensity to be reflected into the return fiber. Thus, the immobilized SO demonstrated lower reflectance intensity after reaction with NO 2 À ion. Because the reduction of SO by NO 2 À ion involved a distinct colour change, which may also be perceived by human naked eyes, as such visual detection of nitrite concentration based on visual colour scale can be accomplished in order to provide a more convenient analysis upon on-site detection of nitrite content in food and environmental samples.
Optimization of SO loading and pH
3,7-Diamino-2,8-dimethyl-5phenyl-phenazinium chloride or known as Safranine O (SO), belongs to the family of phenazine dyes, having a phenazinium nucleus in the molecular ring system of the pigments (Sharma, Roy, & Gupta, 1997) . The adsorption behaviours of SO reagent on the hydrophobic and hydrophilic glass surfaces had been studied by Atun, Hisarli, and Tuncay (1998) at various temperatures (25-55°C). It was found that the adsorption of SO onto both types of surfaces obeyed the Langmuir isotherm, and the most effective physisorption of SO on the hydrophobic surface was occurred at a temperature higher than that required for the hydrophilic surface. The present study shown that the facile drop-casting of the lipophilic SO cation dye onto the hydrophobic acrylic microspheres provides even greater simplicity in the reagent immobilization step without any heating requirements. No leaching was perceived using UV-Vis spectrophotometer for the immobilized SO at 520 nm (absorption), which implies a strong physical binding between the SO reagent molecules and the adhesive poly(nBA) microspheres basal material (data not shown for brevity). Furthermore, the immobilized SO reagent was found to be extremely photostable with <3.5% RSD. The effect of SO reagent loading was later conducted to determine the optimum immobilized SO reagent concentration for complexation reaction with NO 2 À ion. As the SO reagent loading increased from 0.5 ppm to 1.5 ppm, the optosensor's relative reflectance intensity at 675 nm gradually increased towards constant 80 ppm NO 2 À ion determination, and the optical response reached to an optimum level when 2 mM SO reagent was loaded. Further increase the SO reagent loading did not show to enhance the reflectance signal. Thus, 2 mM SO was selected as the optimum reagent loading on the acrylic microspheres for subsequent optical quantification of NO 2 À ion concentration.
The colour change of the acrylic microsensor from purple to blue become more distinctive as the pH value of the 0.2 M HCl-KCl buffer decreased in the presence of 60 ppm NO 2 À ion. The largest divergence different in the reflectance intensity of the optode before and after reaction with 60 ppm NO 2 À ion was obtained at 675 nm at optimum pH 1. A further colour change was not observable as the pH of the reaction medium raised towards neutral condition, thereby the reflectance intensity difference between the immobilized SO and SO-NO 2 À complex spectra become relatively small as the reaction buffer pH used increased from pH 2 to pH 6. The chemical reaction between SO and NO 2 À ion has been spectrophotometrically monitored by Ensafi and Kazemzadeh (2002) by binding the SO to a cellulose acetate film via covalent bonding with thiourea. It was found that the immobilized SO rapidly changed colour to form a blue diazonium salt in the acidic medium. The determination of trace amounts of nitrite applying SO reagent in the acidic condition has also been reported by Mousavi et al. (1998) through a flow-injection method. The reagent solution stream, with which the NO 2 À ion was reacted was acidified with 2 M HCl.
Development of nitrite optode linear detection range
Nitrite can be naturally formed in bird's nests due to a natural fermentation process, but some suggested that high levels of nitrite in EBNs may be due to the contamination with bird droppings, which contain high levels of nitrite. Generally, the NO 2 À ion content in both cleaned and un-cleaned bird's nest is found to be in the range of 0-200 ppm, whilst in blood-red bird's nest, the nitrite concentration can be up to 4400 ppm (Boudreau, 2012; Huang, 2011; Zuhrin, 2014) . Miniature nitrite specific sensor with a wide dynamic detection range is therefore in high demand.
The linear detection range of the proposed microspheres-based optosensor was determined to be between 10 ppm and 100 ppm NO 2 À ion (Fig. 4) . Thus, the NO 2 À ion optosensor is advantageous for direct detection of NO 2 À ion concentration up to 100 ppm, where both common standard nitrite assays e.g. spectrophotometric Griess and ion chromatographic methods are fail for such high levels of nitrite ion determination. The developed reflectometric acrylic microspheres-based NO 2 À ion sensor can also be simply transformed into a colometric sensor, which can be used for semiquantitative visual inspection of a colour change in the receptive layer of the sensor. Visual monitoring feature will allow fast-track monitoring of the nitrite levels in the sample in the field without any significant optimization steps as normally conduct with standard analytical instruments. The time taken for full formation of the immobilized blue diazonium compound was observed to be about 3 min with a more intense blue colour developed using high nitrite concentration (e.g. 100 ppm NO 2 À ion), and a relatively less intense blue colour developed with low concentration of NO 2 À ion at 10 ppm. The limit of detection of the NO 2 À ion sensor is calculated at 3 ppm, which is the lowest nitrite concentration that can be detected with the proposed method, and yielding a three times reflectance response greater than the standard deviation of the blank (Ahmad & Narayanaswamy, 2002) . The microsensor could still remain >90% of its initial response after six months of storage period. This indicates that the SO reagent has good compatibility with the poly (nBA) microspheres. The immobilized SO reagent also exhibited high chemical stability without undergoing decomposition process despite being kept for a long period of time. Additionally, the microspheres-based optosensor showed fair repeatability (using same probe, n = 5) and reproducibility (from different probes, n = 5) with small RSD values of 4.5% and 10%, respectively, which suggests that the optical sensor can be sequentially used in a series of detection and regeneration cycles using 0.2 M HCl-KCl regeneration buffer solution (pH 1) for a reproducible determination of NO 2 À ion up to five times.
In view of the high demand on optodes for application in industrial, domestic and environmental monitoring of nitrite levels especially in food and fertilizing agents, various types of optical chemical sensors have been developed to improve the stability, reproducibility and to boost better response time of the sensor. Luiz, Pezza, and Pezza (2012) for instance, reported a reflectometric spot test method for NO 2 À ion determination in meat products and water. Filter paper was used as the reaction medium for diazotization of dapsone and (naphthyl)ethylenediamine hydrochloride (NED) with NO 2 À ion in acidic medium to produce a purple colouration. However, they found that there is no colour development when the reagents were added separately as the order of reagent immobilization, volume of solution added and quality of filter paper used can greatly influence a good quality of the spot test. An optical sensor for catalytic determination of NO 2 À ion in water and food samples has been formulated by Ensafi and Amini (2012) in a separate study based on covalent immobilization of brilliant cresyl blue (BCB) onto triacetyl cellulose membrane, which was produced from waste photographic film tapes. The detection scheme is based on the oxidation of BCB by bromate ion in an acidic reaction medium that resulted in decolouration of the membrane. The thin membrane-based optical sensor was selective towards NO 2 À ion but it could only be used for the determination of low level NO 2 À ion. Besides, cellulose acetate film has also been frequently used as the supporting substrate for immobilization of some other indicator dyes such as gallocyanine (Kazemzadeh & Daghighi, 2005) and SO (Ensafi & Kazemzadeh, 2002) for the quantitation of NO 2 À ion using absorption spectroscopy method.
Interference study
Interference study was conducted to evaluate the effect of some nutritionally important minerals in the nests at different concentrations towards the detection of 50 ppm NO 2 À ion. (2005), Ca 2+ ion is the most abundant element in EBN (i.e. between 800 ppm and 1300 ppm) followed by Na + , Mg 2+ and K + ions (100-165 ppm). Therefore, the presence of these elements in EBN sample at high levels to give a significant deviation in the relative reflectance during nitrite detection with the developed optode is not possible. NO 3 À ion interfered with the NO 2 À ion determination at NO 2 À ion to NO 3 À ion molar concentration ratio of 1:100, which is far above the average NO 3 À ion content in EBN i.e. $387.4 ppm (Isa, 2012) . Significant deviation in the relative reflectance was observed when Fe 2+ and Fe 3+ ions were presence during the analysis of NO 2 À ion with the developed optical sensor ascribed to the significant colour interference of the greenish Fe 2+ ion and yellowish Fe 3+ ion, and this intervened in the colour change of the purplish microspheres with target analyte.
Validation of the nitrite reflectometric sensor with ion chromatography
The reliability and accuracy of the sensor can be determined by evaluating and comparing the sensor performance with an established standard method (Alqasaimeh, Lee, & Ahmad, 2007) . Table 2 shows the results obtained from the validation study using two different raw EBN samples spiked with known NO 2 À ion concentration, and measured with both IC and reflectometric sensor. From the statistical data analysis using t test, the results obtained from the two methods were not significantly different. The t values obtained are less than the critical value of t = 2.776. Therefore, the analysis of EBN samples using the constructed sensor and IC reference method produced comparable results. Thus, the two methods are statically similar at 95% confidence level.
Conclusions
This research provides a simple, portable and user-friendly optical chemical sensor for in-situ assay of NO 2 À ion concentration.
Because of the micro-sized poly(nBA) spheres was applied as the Table 1 The relative reflectance intensities reading obtained from the microspheres sensor for 50 ppm NO 2 À ion determination in the presence of various nutritionally important minerals commonly found in EBN (n = 3).
Interferent
Relative reflectance intensity substrate matrix for SO reagent immobilization, thus providing a very high surface to mass ratio, and that high specific surfaces are available for physisorption of the chemical reagent molecules. The large reaction surface area of the proposed micro-sensing platform also served to enhance the chemical loading capacity for increase of mass transfer kinetics. Therefore, the proposed optical NO 2 À chemical sensor is capable to rapidly determine NO 2 À ion as a result of the high diffusion rate of analyte occurred at the microspheres' surfaces. The excellent adhesive property of the photocured acrylic microspheres allows strong attachment on any low cost plastic substrates, thus mass production of the proposed miniature optical microsensor is possible for close monitoring of the NO 2 À ion levels in food samples.
